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(57) Abstract 

The invention relates to an intelligent automated system for the control of the operation of an automatic valve (100), and to a method 
for regulation and controlling of at least one valve (101) connected to an actuator (102). The system composes at least two mpuLs (21, 
23) one of which (21) is used to delcmiine the position within a time reference, and the other (23) is used to dctcrmme noise m relation 
to the position of the actuator (102) and the valve (101). The inputs (21, 23) are connected to actuator control means (50) through an 
analog-io-digiul converter (30) connected in nam to a microprocessor control device (10). The microprocessor control device (10) is 
connected to an output (40) and to a communication transmitter (70) used to coordinate the operation of the system elements and to provide 
communications to an external communications network (80). The microprocessor control device (10) has the capability to process data 
from at least two inputs (21. 23). calculating the resistance torque of the automatic valve, comparing the measurement data to a data base 
stored in a nonvolatile memory (60) and calculating the desired position. The system is connected to a LONWORKS network. 
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AUTOMATIC SYSTEM AND METHOD FOR REGULATION OFTHE 
OPERATION OF AN AUTOMATIC VALVE 

FIELD OFTHE INVENTION 

5 The present invention generally relates to an automated system and to a 

method for regulation of an automatic valve, and more specifically to an intelligent 
control system, capable to detect the environment, and to a method for the 
regulation and the controlling of the operation of an automatic valve connected to an 
actuator. 

10 

BACKGROUND OFTHE INVENTION 

There are valves with a wide application in practice whose position is 
regulated by a number types of actuators. In order to automate and enhance the 
precision of the process of the actuator direction and velocity regulation, various 

15 type of control devices based on electronic means are employed. 

An electro-hydraulic servo system for the regulation of the positioning of 
automatic valves or of other servo units is known from EP 0294918, having automatic 
calibration capabilities. The system comprises input determining the present position 
of the actuator using voltage modulation, also a microcontroller for the activation of 

20 the actuator in an automatic calibration mode in order to obtain data from the 

actuator and memory for storing said calibration data. The system further comprises 
a microprocessor for accessing said calibration data from the memory and 
calculating a desired position of the actuator from said calibration data, further 
comprises an output for generating a signal dependant on the calibration data when 

25 a difference exists between said determined present and the desired position of the 
actuator, and also actuator control means which are actuated by the output signal 
and which force the actuator to acquire the desired position. 

The method which is employed to realize the electro-hydraulic servo system 
as described herein consists of an initial determination of the OPEN-CLOSED-OPEN 

30 characteristics, the determination of the position of the valve as connected to the 
actuator. This process is realized by rotating the servo system to a fully opened 
state, also in the transmission of the measurement data in a digital format to a 
microcontroller, also the transmission of these data along a communication network 
to a microprocessor, which in turn is storing these data in a nonvolatile memory. 

35 After this the servo system is forced to rotate to a fully closed position and the 
measurement data in a digital format are transmitted in a similar manner to the 
microcontroller and from there along the communication network to the 
microprocessor, which is again storing these data in a nonvolatile memory. After this 
process a control signal converted into a digital format is transmitted along the 
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communication network, the actual position is measured and the data are converted 
in a digital format, after which the control signal data are compared to the calibration 
data retrieved from the nonvolatile memory and to the data from the measurement of 
the actual position, and in case of differences an output signal is transmitted to the 

5 actuator for effecting a displacement in the desired direction. 

This known solution has the disadvantage that the system is operated in an 
automatic mode only when a new control signal is emitted. Said system is not 
provided with sel test capabilities and is able to process data only from a single 
position gauge which restricts its functional capabilities and the reliability of the 

10 system. 

SUMMARY OFTHE INVENTION 

The object of the present invention is to provide an automated system and a 
method for the regulation of the operation of an automatic valve with the aim to 
15 enhance the functional capabilities of the system and to ensure optimal operating 
conditions. 

Another object of the present invention is to provide an automatic system for 
the regulation of an automatic valve which would have an enhanced reliability. 

Still another object of the present invention is to simplify the system so that it 

20 could be designed by using conventional standardized devices. 

According to the invention, an automatic system is provided for regulation of 
the operation of at least one automatic valve connected to an actuator, which 
system comprises an input for determining the position and the resistance torque of 
the actuator, a second input for a simultaneous measurement of the noise emitted 

25 by the fluid flowing through the valve and of the noise emitted by the actuator. There 
may be a third input for measuring the voltage fed to actuator control means. The 
first two inputs are connected to the actuator control means through an analog-to- 
digital converter for transforming the signals from the input into a digital format. The 
converter is connected to a microprocessor control device for detection of the 

30 environment and for regulating the actuator control means. The environment 

includes at least the type of the valve and of the actuator, and the current state of the 
system. The detection and the regulation are made by automatically operating the 
actuator control means through a calibrating sequence of positions of the valve as 
connected to the actuator for obtaining of a time relevant data base. The 

35 microprocessor control device serves also for a simultaneous processing and 
comparison of the data fed from all inputs to the data base and for calculating the 
desired position from the data about the measured position and the data base. The 
microprocessor control device is also connected to an output for generating a 
signal when a difference exists between the data about the measured position and 
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the data base, said output Is connected to the actuator control means which are 
actuated by the output signal. The microprocessor control device is also connected 
to a communication transmitter coordinating the operation of the system elements 
and for communicating with an external communication network used for the 
5 transmission of the control signals and of alarm signals in case of both reversible 
and irreversible failures in the operation of the valves as connected to the actuators. 
According to one embodiment of the system the input for determining the position 
and the resistance torque of the actuator is of the contactless type. In one of the 
variants of the system the contactless input for determining the position of the 

10 actuators represents a magnetic-resistor type of sensor. In addition the system 
comprises circuits for a temperature offsetting of the data from the magnetic-resistor 
sensor depending on the ambient temperature. 

In one embodiment of the invention the external communications network is 
connected to the power supply terminals of the system. 

15 Another embodiment of the system comprises an indicator for local signaling 

in case a signal is transmitted to the actuator control means and also in case any 
trouble is detected regarding system operation. 

According to the invention, a method for regulating the operation of an 
automatic valve connected to an actuator is provided, including the steps of an initial 

20 sampling of the characteristic OPEN-CLOSED-OPEN curves, the determination of 
the position within a time reference and in relation to the noise emitted by the valve 
as connected to the actuator, the process executed by emitting commands to the 
actuator to successively drive the actuator from a closed state to an open state of 
the valve, while the data are being stored in a nonvolatile memory, after which the 

25 valve is regulated from an open to a closed state and again the data are fed to a 
nonvolatile memory. After that the position, the resistance torque of the valve as 
connected to the actuator, the noise emitted by the fluid flowing through the valve 
and the noise emitted by the actuator being measured simultaneously and at a rate 
consistent with the sampling rate. The voltage fed to the actuator control means may 

30 be measured as well, and all measurement data are converted from the analog into 
a digital format by an analog-to-digital converter, after which all measurement data 
are compared with the calibration data and with the data base containing 
information on variables. When a control signal for the position of the valve is sent 
through the external communication network the signal data are stored in a 

35 nonvolatile memory in a digital format, and the control signal is processed by 
actuation the actuator control means. After that, the measurement data about the 
actual position and the resistance torque of the valve as connected to the actuator 
are compared to the control signal data and in case of deviations an alarm signal is 
transmitted along the external communications network, the indicator is actuated 
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and/or a command is emitted to actuate the actuator control means to compensate 
for the deviation. 

The proposed automatic system for regulation of the operation of an 
automatic valve allows for the continuous supervision and monitoring of both the 
5 operation of the valve as connected to the actuator and the state of the separate 
modules within the system, and the emerging temporary or incident errors are 
corrected and/or an alarm signal is emitted which enhances the functional 
capabilities of the system, allows for a better time and labour efficiency and provides 
for optimal operating conditions. 

10 By processing and comparison of the data from at least two independent 

contactless inputs in the embodiment where the inputs are of a contactless type, an 
initial detection of the valve type and of the relevant actuator type is performed and 
their operational states are analyzed in terms of more than one variable the security 
and the overall reliability of the system is also enhanced. 

15 The system is intended as a modular structure which shortens the 

commissioning period, guarantees a high degree of serviceability under normal 
conditions which serves as one more factor for an increased reliability. 

The presence of temperature error offsetting increases the operational 
accuracy of the system. 

20 The connection of the external communications network to the system power 

supply simplifies the installation of the system, decreases the length of the cable 
which leads to savings in time, materials and labour. A connection between the 
independently controlled valves is provided which turns the system into a 
decentralized structure. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the characteristic OPEN-CLOSED-OPEN curve of a ball valve. 
Figure 2 shows the characteristic OPEN-CLOSED-OPEN curve of a butterfly 

valve. 

30 Figure 3 shows a sample of the OPEN-CLOSED-OPEN noise characteristics. 

Figure 4 shows the curves with and without temperature compensation of a 
magnetic-resistor type of sensor. 

Figure 5 shows the hardware block diagram of an automatic system for the 
regulation of a valve connected to an actuator. 
35 Figure 6 shows the block diagram of the microprocessor used in the 

automatic system shown on Figure 5. 

Figures 7a and 7b show a principle electric circuit diagram of the system 
shown on Figure 5 with a position sensor of a magnetic-resistor type and a 
pneumatic actuator, operated by electric flow-switches. 
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Figure 8a and 8b show the algorithm of the system shown on Fig. 5. 



DETAILED DESCRIPTION OFTHE INVENTION 

5 Figures 1 , 2, 3 and 4 show various characteristic curves which may be used 

as part of the system data base. 

Figure 5 shows the hardware block diagram of one embodiment of the 
automatic system according to the invention where the microprocessor control 
device used for detection of the environment and for the regulation of a valve as 

10 connected to an actuator is designed as a microcontroller 10. The system comprises 
inputs 20. together, respectively, with a position sensor 21, voltage measuring 
devices 22, a noise sensor 23 and a temperature sensor 24, which are connected 
through an analog-to-digital converter 30, the microcontroller 10 and an output 40 for 
generating a signal to actuator control means 50 which are used to regulate the 

15 actuator. The actuator control means 50 in this embodiment are electric valves 51 
and 52, but others can be provided for depending on the type of the actuator. The 
microcontroller 10 is connected to the nonvolatile EEPROM memory 60 which is 
used to store data and the firmware, as for example its algorithm is shown in Figs 8a 
and 8b. Through a communication transmitter 70 for coordination of the operation of 

20 the system elements, the microcontroller 10 connects to an external communications 
network 80, for instance LONWORKS, and receives control signals and transmits 
data and alarm signals in case of both reversible and irreversible failures in the 
operation of the valves as connected to the actuators. The output 40 is connected to 
an indicator 90 which is used to indicate the emergence of failures in the system and 

25 to emit an alarm signal, the indicator 90 for example is designed on the basis of two 
light emitting diodes 91 and 92. The output 40 incorporates the voltage measuring 
devices 22 used for the measurement of the output signal. The actuator control 
means 50 are connected to the automatic valve which consists of a valve 101 
connected to an actuator 102. 

30 According to Fig. 6 the microcontroller 10 may incorporate three 

microprocessors - 11, 12 and 13, microprocessor 11 serving for communicating with 
the external communications network 80, microprocessor 13 used for monitoring, 
regulation and issuing of commands, and microprocessor 12 used as a link between 
the other two microprocessors. The microcontroller 10 has an adapting device 14 

15 which is connected to the external communication network 80. an input-output 
device 15 connected to a counter and a timer for the generation of discrete signals, 
devices 16 for synchronizing the operation of the microcontroller, as well as devices 
17 for connection to the external memory 60. According to the embodiment as 
shown in Fig. 6 the microcontroller 10 comprises two memories, respectively the 
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RAM 18 and the EEPROM 19. The microcontroller 10 may be based for example on 
a MOTOROLA integrated circuit a catalogue number NEURON 3150. 

In the exemplary principle electric circuit diagram shown on Fig. 7 the position 
sensor 21 is designed as a magnetic-resistor measuring bridge circuit, and the 
5 voltage measuring devices 22 are incorporated within the input 40 which is used for 
the generation of an output signal. In this eml>odiment the output 40 is a power pulse 
transducer based on an integrated circuit, which may be an integrated circuit with a 
catalogue number LDM 18400 manufactured by NATINAL SEMICONDUCTORS, 
while a microphone is used as a noise sensor. The analog-to-digital converter 30 is 

10 designed as an integrated circuit, which may be an integrated circuit with a 

catalogue number AD 7714 manufactured by ANALOG DEVICES. The nonvolatile 
memory 60 connected to microcontroller 10 may also be designed on the basis of a 
standard integrated circuit, and in the shown embodiment the transmitter 70 which is 
used to provide communication to an external communications network, in this 

13 specific case a LONWORKS. and is designed on the basis of an integrated circuit 
with a catalogue number LPT-10 manufactured by ECHELON. The temperature 
offsetting devices, in this specific embodiment the temperature sensor 24 may be 
based on a standard sensor of the type LM 35 manufactured by NATIONAL 
SEMICONDUCTORS. 

20 The method which is the subject of this invention may be exemplified by the 

operation of the system as shown on Figure 5, which system is controlled by a 
programme whose algorithm is shown on Figs. 8a and 8b. This algorithm shows the 
presence of more than one input signal, which input signals are processed in such a 
way as to provide an automatic monitoring in a dialogue mode of the changes in the 

25 environment and in the operation of the system itself. A mode of an initial calibration 
is also provided for as well as of automatic recognition of the type of valve and the 
type of actuator. 

According to the algorithm shown on Figs. 8a and 8b the method according 
to the invention is initialized by switching the system to a power supply. After this it is 

30 determined if the hardware configuration is known (step SIO). The configuration is 
considered unknown in the initial switching and the method is going on at the branch 
"NO" of the block of code SIO for an automatic calibration. At the time of automatic 
calibration the valve 101 is opened or closed by a command from the microcontroller 
10 to the output 40 and to the actuator control means 50 . The open state of the 

^5 actuator 102 is measured (step SI 2) together with the noise emitted during the 
operation of the controlled valve 100 until it reaches its fully open state, and the 
signals are converted into a digital format and are stored into the nonvolatile 
memory 60 (step S13). After this the microcontroller 10 issues a command to close 
valve 101. and the position and noise data for the fully closed state are measured in 
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a similar way (step S14) and are stored in the memory 60 (step SI 5). A command is 
issued for a setfcalibration of the gain (step S16) of the position regulator and the 
OPEN-CLOSED-OPEN curves are sampled within a time reference (step S18). The 
measurement data are stored in the memory 60. Using the characteristic curves 
5 which were derived in this way and their comparison to a data base stored in the 
memory 60 containing similar curves the system automatically detects the design 
type of valve 101 and the type of the actuator 102. When comparing for instance the 
characteristic curves shown on Figs. 1 and 2 it becomes obvipus that the curves are 
different for the different types of valves. Judging by the asymmetry of the 
K) characteristic curves for the OPEN and CLOSE operation of the valve 101 it is 
possible to detect the type of the actuator 102. for instance whether it is spring- 
loaded or not. and thence to judge about the number and/or the type of actuator 
control means 50 necessary for its actuation. The changes in the torque at the 
extreme positions of the valve 101 as shown on the characteristics curves provide 
15 information about the OPEN-CLOSED position of the actuator 102. The 
displacement speed as represented by the characteristic curves provides 
information about the proper choice of the actuator 102 and eventually for any 
deviations from its nominal operational characteristics. The noise characteristics 
during opening or closing is used to determine the cavitation zone which is fixed into 
20 the position characteristic, and also allows to judge about the state of the valve 101 
and more specifically whether it is sufficiently packed when closed. 

After a single calibration (step S10) the temperature is continuously measured 
over specified intervals of time (steps S20.S21), and the measurement data are 
converted into a digital format after which they are compared to the temperature 
25 compensation data base and a signal is emitted to compensate the deviation (steps 
S30.S31). The actual value of the resistance torque of the automatic valve 100 is 
measured within the same cycle (step S30). these data are further converted into a 
digital format by the analog-to-digital converter 30 and are compared with position 
data acquired during calibration. The noise emitted by the fluid flowing through the 
30 valve and by the actuator is measured at the same time (step S30) and a 

comparison to calibration data is made in a similar way. In case of the emergence of 
a problem the voltage fed to the actuator control means 50 is also measured (step 
S34) and the data are compared to the admissible extreme values as stored in a 
variables data base. The deviations are calculated and compared by the 
.15 microcontroller 10. A command is issued to the actuator control means 50 for 
compensating the deviations and the indicators 90 are switched on (step S50). In 
case the difference cannot be compensated the indicators 90 remain on and an 
alarm signal is sent through the external communications network. This state 
indicates the emergence of cavitation, of mechanical obstructions in the valve 101 or 
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in the actuator 102, of a pressure drop in case of using of a pneumatic system 
actuator 102, as well as other mechanical problems (step S51). 

With reference to Figs. 5a and 5b, when a control signal is fed through the 
external communication network 80 to change the position of the valve 101 , this 
5 signal data are stored in a digital format into the EEPROM memory 19, the actuator 
control means 50 are actuated and the command is executed. After this the data 
from the measurement of the actual state of the automatic valve are compared to the 
data from the command signal and in case of a deviation a command is issued to 
actuate the actuator control means 50 to compensate the difference, and at the 

10 same time the indicators 90 are switched on. In case the difference cannot be 

compensated the indicators 90 remain activated and an alarm signal is sent through 
the external communication network 80. 

The voltage to the actuator control means 50 is measured by means of 
integrated circuits incorporated in the devices 40 used to generate output signals. 

15 and after a comparison with the data base and in case of a deviation beyond the 
admissible margins the indicator 90 is activated and an alarm signal is sent through 
the external communication network 80. In case of differences beyond the 
admissible margins the system is adapted to work in EEXI fire-precaution operation 
mode. The system automatically detects whether to remain on or to switch off 

20 automatically in order to avoid permanent damages. 

The present invention has been presented in a principle design which does 
not serve as a delimiter of the inventor's ideas but should serve as an illustration 
only, the scope of the invention being determined only by the claims as enclosed 
herewith. 
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CLAIMS 

1. An automatic system for the regulation of the operation of an automatic 
valve connected to an actuator, whereas the system comprises input for determining 
the current position of the actuator, whereas said input is connected to actuator 

5 control means for regulating the actuator through a microprocessor control device 
for controlling the actuator in a mode conductive to the automatic calibration in 
terms of position, characterized by the fact that further comprises at least one more 
input (22) for the measurement of the voltage supplied to the actuator control means 
(50), and/or an input (23) for the measurement of noise which inputs (21 , 22, 23) are 

10 connected to the actuator control means (50) through an analog-to-digital converter 
(30) whereas the converter (30) is connected to a microprocessor control device 
(10) connected to at least one nonvolatile memory (60) and whereas the 
microprocessor control device (10) is used to detect the environment through a 
simultaneous processing and comparison of data from the input devices (21. 23) 

15 used to determine the resistance torque in terms of position and in terms of the noise 
emitted by the actuator by calculating the desired position of the actuator (102) as a 
difference between the measurement data and the information contained in a data 
base, whereas the microprocessor control device (10) is connected to an output (40) 
for generation of a signal which effects the compensation of the differences, whereas 

20 said output (40) is connected to the actuator control means (50). whereas the 
microprocessor control device (10) is connected also to a communications 
transmitter (70) used for coordinating the operation of the system elements and for 
providing communications to an external communication network (80). 

2. An automatic system for the regulation of an automatic valve as described 
25 in Claim 1. characterized by the fact that the input (21) for determining the position 

and the resistance torques of the actuator (102) is of the contactless type. 

3. An automatic system for the regulation of an automatic valve as described 
in Claim 2, characterized by the fact that the contactless input (21) is of a magnetic- 
resistor type. 

M) 4. An automatic system for the regulation of an automatic valve as described 

in claims 1 , 2 and 3. characterized by the fact that the external communications 
network (80) is connected to the power supply terminals of the system. 

5. A method for regulating the operation of an automatic valve connected to 
an actuator, whereas the method involves an initial automatic calibration which Is 

35 performed by recording the characteristic OPEN-CLOSED-OPEN curves of the 
actuator in terms of the actuator position, whereas the data are stored into a 
nonvolatile memory in a digital format, whereas a control signal is emitted through 
the external communication network and is converted into a digital format, whereas 
the actual position of the actuator is measured and the data are converted into a 
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digital format, whereas the measurement data are compared to the control signal 
data and to that calibration data in a microprocessor control device, whereas in 
case of the emergence of deviations a control signal is emitted to the actuator to 
compensate for the deviations, characterized by the fact that: 
5 a) the automatic calibration is performed by measuring the position within a 

time reference by calculating the resistance torque of the automatic valve (100) and 
by measuring the noise in terms of the position of the valve (101) as connected to the 
actuator (102); 

b) the data are stored in a digital format into a nonvolatile memory (60); 
10 c) the position, the resistance torque and the fluid noise are measured 

continuously at a rate equal to the sampling rate; 

d) the data as converted into a digital format is compared to the calibration 
data and to the information contained in a variables data base; 

e) said data are transmitted through a communication network (80); 

15 f) the data from the control signal is stored in a digital format into a nonvolatile 

memory (60); 

g) in the case of the emergence of a deviation between the data representing 
the actual position, the resistance torque and the noise emitted by the valve (101) as 
connected to the actuator (102) and the data representing the control signal an 

20 alarm signal is sent through the external communication network (80) and/or a 
command is issued to compensate the deviations, and 

h) a continuous temperature compensation is performed for the influence of 
the ambient temperature on the Inputs. 

6. A method for the regulation of an automatic valve as described in Claim 5. 
25 characterized by the fact that continuously and at a rate consistent with the 

sampling rate the voltage fed to the actuator control means (50) is measured and in 
case of a change in this voltage an alarm signal is emitted and/or the system Is 
automatically switched off. 
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